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Fig. 5. Average mean squared channel estimation error in a K =1 0 -user synchronous CDMA system over a frame of 200 known bits and averaged over 200
transmitted frames with equal average received bit energy for all users over a narrow-band Rayleigh channel at f = 200 Hz, where P =4 0 , Y =1 0 , T =5 ,
and p =0 :1.
Fig. 6. Average mean squared channel estimation error after convergence in a K =1 0 -user synchronous CDMA system with known bits and equal average
received bit energy for all users over a narrowband Rayleigh-fading channel at various f T , where P =4 0 , Y =1 0 , T =5 , and p =0 :1.
when nomutationis invoked,resultinginasuboptimalsolution,
asshowninFig.8.Hence,whencrossoverisusedinconjunction
withmutation,theBERperformanceisimprovedsignificantly,as
showninFig.8.Finally,elitismisemployedinordertoensurethat
thebeststringisnotlostoverthecourseoftheevolution.Hence,
we can see that GAs associated by elitism will always perform
better than without elitism, as illustrated in Fig. 8.
Fig.9characterizestheBERperformanceoftheproposedde-
tectorinconjunctionwithperfectchannelestimatesfordifferent
number of generations and different population sizes . The
single-user bound was computed using the following equation
for BPSKmodulation[34]
(11)
where .Ascanbeseenfromthefigure,thecombina-
tionof bitstringsand generations—whichcon-
stitutes LLF evaluations according to (7)—was
capable of achieving a near-optimum single-user-like BER per-
formance.Bycontrast,theoptimummultiuserdetectorusingex-
haustive search would require LLF evaluations.
For values beyond 40 dB, the system exhibited an error
floor due to the performance limitations of the GA in conjunc-
tion with the given and values studied. At lower values of
and , the error floor occurred at a lower value. For
instance, at and , which constitutes 200 ob-
jective function evaluations according to (7), the error floor oc-
curredatan valueofabout32dB,whilefor values
up to 24 dB, the detector exhibited near-optimum BER perfor-
mance. Hence, the proposed GA-based detector was capable of994 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 19, NO. 6, JUNE 2001
Fig. 7. Average mean squared channel estimation error in a K =1 0 -user synchronous CDMA system with known bits as compared to that of a conventional
correlator-type estimator in a K =1 0user system and a single user LMMSE estimator over a narrowband Rayleigh channel at f = 200 Hz, P =4 0 , Y =1 0 ,
T =5 , ￿ (1) = 0:1, and p =0 :1.
Fig. 8. BER performance of the proposed GA-based detector as a function of the number of generations assuming equal bit energy for all K =1 0users with
perfect channel estimation, where P =4 0 , Y =1 0 , T =5 , and p =0 :1.
offeringatradeoffbetweencomputationalcomplexityandanop-
timum BER performance. We also note that GAs using a higher
number of generations per signaling interval gave a better BER
performance than GAs having a larger bit string population size
and a lower number of generations at the same computa-
tional complexity. For example, in Fig. 9 the BER performance
of the scenario was better than that of the
arrangement, both of which require 200 ob-
jectivefunctionevaluationsaccordingto(7).
InordertoshowthatthecomputationalcomplexityoftheGA
is not exponentially dependent on the number of users , the
BER performance was evaluated for various number of users,
employing in conjunction with
. The results are shown in Fig. 10. At and
, we can see that the BER performance gradually degrades
upon increasing number of users, due to the limited population
size , which was too small for adequately exploring a sig-
nificantly larger search space. As the population size is in-
creased, the BER improves. With a population size of ,
we can see that the GA-assisted detector is capable of attaining
a near-optimal performance, when supporting users.
Moreimportantly,wenotedthatthenumberofLLFevaluations,
denoted within the brackets in the legend of Fig. 10, increase
more slowly than exponentially with the number of users. For
example,when isincreasedfrom10to16,thepopulationsize
has to be increased from 40 to 120, in order to maintain the
samelevelofperformance.Thisconstitutedafactorof1200/400
3increasedcomputationalcomplexitywhen wasincreased
from 10 to 16, while maintaining a near-optimum BER perfor-
mance. By contrast, the computational complexity of the op-
timum multiuser detection using exhaustive search would be
increased by a factor of . Similarly, when is
increased to 20, a population size of is sufficient
for attaining the same level of BER performance. This consti-996 IEEE JOURNAL ON SELECTED AREAS IN COMMUNICATIONS, VOL. 19, NO. 6, JUNE 2001
Fig. 11. BER performance of the proposed GA-based joint channel estimator and symbol detector for K =1 0users over narrowband Rayleigh-fading channels
at f = 200 Hz after the differential decoder, where P =4 0 , Y =1 0 , T =5 , ￿ (1) = 0:1, and p =0 :1. Results were shown for processing gains of
N =3 1and N =1 2 7 . Also shown are the BER performances of the GA-based data detector with imperfect channel estimation with MSE values at 0.01 and
0.001.
Fig. 12. BER performance of the proposed GA-based joint channel estimator and symbol detector for K =1 0users with ￿ =￿ at 0 dB, 6 dB, and 10 dB for
k =2 ;...;Kafter the differential decoder of the first user, i.e., k =1is the desired user, where P =4 0 , Y =1 0 , T =5 , and ￿ (1) = 0:1.
0.01 and 0.001. This phenomenon can also be observed in the
contextofothermultiuserdetectors.Forthesakeofcomparison,
the joint symbol detection and CIR estimation using a decorre-
lator and an ideal Kalman filter shown in [15] achieved a BER
of for users and for a processing gain of 127.
As shown in Fig. 11, our proposed detector is attaining a per-
formance close to that. Furthermore, it should be noted that our
BERiscalculatedovertheentirelengthofthetransmittedbitse-
quence, i.e., from the zeroth symbol to the th symbol,
rather than after the initial convergence. Hence, the bit errors
observed during the acquisition of the CIR estimates were also
taken into account.
Finally, Fig. 12 characterizes the near–far resistance of the
proposed joint channel estimator and symbol detector in terms
of the BER of the desired user. The axis portrays the
values of the desired user, while the average received bit ener-
gies of all other users were set to 0 dB, 6 dB, and 10 dB higher
than that of the desired user. It is seen that for both
dB and dB, the proposed joint GA-based CIR es-
timator and data detector was near–far resistent up to a